Summary. The 
Introduction
Before ovulation, mammalian oocytes are arrested in the prophase stage of meiosis, and the resumption of this process is triggered in a limited number of primary oocytes in each ovarian cycle by the gonadotrophin surge. The first morphological indicator of resumption is the disintegration of the nuclear membrane (germinal vesicle breakdown, GVB), which is followed by condensation of the diffuse dictyate chromatin into distinct bivalents, separation of homologous chromosomes, eventual cytoplasmic division and extrusion of the first polar body, thus producing a secondary oocyte. Upon release of dictyate stage oocytes into a suitable culture medium, a spontaneous resumption of maturation occurs in all mammalian species studied (reviewed by Thibault, 1977) . In the mouse, preovulatory maturation in vitro requires 12-15 h and leads to the production of fertilizable eggs, some of which will develop normally to term (Cross & Brinster, 1970; Mukherjee & Cohen, 1970) . The role of culture media and cumulus cells in spontaneous maturation of zona-intact mouse oocytes has been studied extensively; a relatively simple chemically defined medium will suffice and the presence of cumulus cells, while supportive, is not essential for oocyte maturation (Biggers, Whittingham & Donahue, 1967; Donahue & Stern, 1968; Cross & Brinster, 1970) . In contrast, the role of the zona pellucida in the maturation process has not been evaluated.
The penetration characteristics of oocytes matured in vivo and in vitro have been examined in several species; after GVB, oocytes are capable of incorporating spermatozoa (Iwamatsu & Chang, 1972; Barros & Muñoz, 1973) . Transmission electron microscopic (TEM) studies of zona-free hamster oocytes indicate that sperm incorporation may occur before GVB but without subsequent decondensation of the sperm head in the egg cytoplasm (Usui & Yanagimachi, 1976) .
In the present study, we examined the role of the zona pellucida in the spontaneous maturation of mouse oocytes and the ability of zona-free, immature oocytes to incorporate spermatozoa. (Cross & Brinster, 1970) , and (2) the simple modified KrebsRinger medium described by Biggers (1971) .
Three groups of oocytes at the dictyate stage (GV-intact) were studied: (A) oocytes released from their follicles without additional manipulation, i.e. with adherent cumulus cells; (B) oocytes whose cumulus cells were subsequently removed by repeated micropipetting; (C) oocytes whose zonae were removed enzymically (0-5% a-chymotrypsin for 1-2 min).
Oocytes were cultured in 0-2 ml drops of medium under silicone oil (Dow-Corning 200 fluid) in 5% C02 in air. For scoring nuclear maturation or sperm penetration, oocytes were mounted, fixed, stained with aceto-lacmoid and examined with a phase-contrast microscope. The stages of nuclear maturation were classified according to the criteria of Donahue (1968) .
Zona-free oocytes were exposed, under the following conditions, to epididymal spermatozoa (approximately 105/ml) which had been capacitated by a 1-h preincubation in Toyoda's medium GV-intact oocytes, inseminations were also conducted for 6 and 9 h in Medium 2 containing 100 pg dibutyryl cyclic AMP/ml (Cho, Stern & Biggers, 1974) . (4) (pb) (Fig. 4) . were fixed for 30 min (4°C) in 2-5% glutaraldehyde in 0-15 M-cacodylate buffer, rinsed, postfixed for 1 h (4°C) in 0-1% osmium tetroxide in 0-15 M-cacodylate buffer dehydrated through a graded series of ethanol and embedded in Epon 812 (Luft, 1961) . Thin sections were stained with uranyl acetate and lead citrate (Reynolds, 1963) and examined with a Hitachi HU12-A electron microscope operated at 75 kV.
Results

Maturation in vitro
The maturation of oocytes proceeded at a comparable rate when simple (Medium 2) and complex (Medium 1) media were employed, and both the frequency and the rate of progression from GV-intact to metaphase II stages were similar for the three oocyte types examined (Table  1 (PI. 2, Fig. 7 ). These oocytes were characterized by extensive uniformly distributed microvilli and contained 32-2 cortical granules/egg section compared with a mean value of 40-42 reported by us previously for unfertilized tubai eggs (Nicosia, Wolf & Inoue, 1977 Fig. 8 ). In contrast, nearly all spermatozoa (32/34) recovered with tubai eggs had undergone acrosome reactions.
When inseminations of GV-intact oocytes were conducted with ionophore-treated sper¬ matozoa, penetration was confirmed by the presence of inner acrosomal membrane remnants in the ooplasm (PL 1, Fig. 6 ). Penetration of 60-100% of the oocytes was seen in 2 experiments conducted in Medium 2 without added dbcANiP. When this medium was supplemented with dbcAMP (3 experiments), penetration did not occur.
Kinetics ofsperm penetration
The kinetics of sperm penetration into zona-free oocytes and tubai eggs were compared over a 240-min period. Freshly collected oocytes without visible GVs were selected for this purpose.
When inseminated with 105 spermatozoa/ml, 100% of these oocytes were penetrated, and most were polyspermic (80%). The penetration kinetics were virtually identical for maturing oocytes and tubai eggs, with an initial delay (approximately 30 min) before penetration began, followed within 90 min by the attainment of a relatively stable plateau level of incorporation. The mean number of spermatozoa/egg was 3-2 and 3-5 for tubai eggs and follicular oocytes, respectively. Sperm viability is retained over these time courses (Wolf, 1978) .
Discussion
Preovulatory maturation of mammalian oocytes, as triggered by the mid-cycle gonadotrophin surge, involves reception of the pituitary message and its subsequent transmission through the intrafollicular environment to the oocyte. Co-ordinated changes in surface membrane and cytoplasmic components of the oocyte then culminate in nuclear activation, GVB and the progression of meiosis to metaphase II. Direct evidence for cytoplasmic control of GVB in the mouse is available (Balakier & Czolowska, 1977) . The relationship between these processes, as they occur in vivo, and the spontaneous meiotic maturation that results in vitro in oocytes removed from antral follicles, however, remains an enigma.
These responses may reflect the differential role of follicular cells. Cumulus cells are almost certainly involved in vivo during gonadotrophin-ihduced maturation, where disruption of their electrical coupling (gap junctions) with the oocyte may trigger maturation resumption (Anderson & Albertini, 1976) . In the pig, granulosa cells are associated with the production of a low molecular weight peptide which maintains the oocyte in its arrested state (for review, Channing & Tsafriri, 1977) . The presence of cumulus cells is not critical in the spontaneous maturation of isolated oocytes (Cross, 1973; this study), although some evidence suggests that cumulus cell removal decreases maturation rates (Cross & Brinster, 1970) . We have extended these observations to show that the zona pellucida is also dispensable during maturation in vitro, since zona-free oocytes matured with a frequency and rate similar to that reported for intact oocytes (Donahue, 1968; Stern & Wassarman, 1974) . The zona is, however, critical to embryo survival and transport (Modlinski, 1970) , and it has been associated with the exclusion of supernumerary spermatozoa in several species (Austin, 1965) .
Our sperm penetration results corroborate previous findings (Iwamatsu & Chang, 1972) in the mouse. Before GVB, incorporation of capacitated spermatozoa does not normally occur, while after GVB, the primary oocyte fuses with a spermatozoon and its cytoplasm is capable of decondensing the incorporated sperm head. The present work also indicates that zona penetration is not the limiting factor in the inability of GV-intact oocytes to fuse with spermatozoa. Usui & Yanagimachi (1976) have documented sperm incorporation in GV-intact oocytes of the hamster, and in the present study inseminations in the presence of ionophore led occasionally to penetration. In neither study was sperm head decondensation associated with penetration.
The restricted ability of GV-intact oocytes to fuse with capacitated spermatozoa is presumably reflected in surface events. Thus, while large numbers of spermatozoa attach to these oocytes, critical binding sites may be lacking. Another possibility is that the oocyte does not induce acrosome reactions in the normal complement of attached spermatozoa. While this role is not usually afforded the oocyte, several relevant observations can be considered: (1) spermatozoa must undergo an acrosome reaction before they fuse with zona-free tubai eggs (Yanagimachi & Noda, 1970; Wolf, Inoue & Stark, 1976) ; (2) a lower percentage of the spermatozoa attached to GV-intact oocytes, compared with tubai eggs, have reacted acrosomes; and (3) penetration of GV-intact oocytes was seen only in the presence of an agent (ionophore) which has acrosome reaction-inducing activity (Talbot, Summer, Hylander, Keough & Franklin, 1976) . We have suggested previously that premature cortical granule release may provide a mechanism for sperm-egg communication before penetration (Nicosia et al, 1977) .
The kinetics of sperm incorporation indicate that the primary oocyte is capable of a plasmalemma block to penetration which, in view of the probable incomplete status of cortical granule complements (Szollosi, 1967; Zamboni, 1970) , suggests that these structures are not involved. Cortical granules apparently do not play a role in the plasmalemma block of mouse tubai eggs, since zona-free eggs remain penetrable even after premature cortical granule loss (Wolf & Hamada, 1978) . Evidence has been presented recently supporting the existence of an electricallymediated block at the surface of marine invertebrate eggs. This block is transient, occurs before cortical granule exocytosis and may be a feature of mammalian eggs (Jaffe, 1976; GouldSomero & Jaffe, 1977) .
